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THERMAL CONDUCTIVITY APPARATUS 

During t h i s  month, w e  discont inued t h e  t e s t i n g  program wi th  t h e  thermal 

conduc t iv i ty  appara tus  and devoted our e f f o r t  t o  wr i t i ng  t h e  f i n a l  r e p o r t  

f o r  t h i s  p a s t  y e a r ' s  work. 

a t  t h e  L e w i s  Research Labora tor ies ,  we r e c a l l e d  our f i e l d  r e p r e s e n t a t i v e ,  

M r .  Max Mellner ,  and turned over t h e  operat ion of t h e  appara tus  loca ted  

t h e r e  t o  NASA personnel .  

Upon completion of our t a s k  with t h e  equipment 

INSULATED TANK PROGRAM 

During t h e  month of October, w e  completed emissometer measurements of 

s p e c i a l  s h i e l d  materials and performed T e s t  11-10, the  l a s t  thermal 

performance test i n  t h e  program. 

Emissometer S tud ie s  

IJe performed emissometer measurements on s e v e r a l  new and promising 

s h i e l d  materials. These inc lude  gold coated Mylar, s i l v e r  coated Nylar ,  

and gold  coa t ing  on aluminum coated Mylar. 

ob ta ined  are presented  i n  Table  I and i n  F igure  1. The d a t a  obta ined  

wi th  t h e  gold  coa t ings  show a t r end  of i nc reas ing  emiss iv i ty  wi th  

inc reas ing  th i ckness  as would be  expected. 

235OoA gave a n  emiss iv i ty  va lue  of 0.20. 

of t h e  b e s t  va lues  repor ted  f o r  gold a t  o r  near  rocm temperature.  The 

d a t a  sample are t o o  few t o  support  f i rm conclusions a t  t h i s  time wi th  

r ega rds  to t h e  smallest coa t ing  th ickness  t h a t  would correspond t o  the  

b e s t  s u r f a c e  emis s iv i ty .  However, we suspec t  t h i s  apparent  coa t ing  

th i ckness  f o r  gold i s  about 200OOA. 

The emiss iv i ty  r e s u l t s  

T e s t  221 performed w i t h  specimen coated wi th  gold t o  a th ickness  of 

Th i s  va lue  compares wi th  some 

Tests 222 and 223 were performed wiLh specimens coated wi th  s i lver  on 

Mylar. Fu r the r ,  t h e  s i l v e r  on each f i l m  was p ro tec t ed  wi th  a l i g h t  

c o a t i n g  of s i l i c o n e  oxide. The average r e s u l t  obtained by us  are  comparable 

t o  those  obtained wi th  the  gold specimen used i n  Tes t  221 .  

With regards  t o  t h e  measurement of t h e  apparent  th ickness  of t h e  metal 

coa t ings ,  w e  have been using t h e  r e s i s t a n c e  method of measurement. The 

sample s i z e  used i n  t h i s  measurement i s  2 x 2 inches square.  When t h e  

sample w a s  s u f f i c i e n t l y  l a r g e , a t  least two r e s i s t a n c e  specimens were taken 

from the s h i e l d  material i n  an a r e a  ad jacent  t o  t h a t  from which t h e  emissometer 

specimen was taken. 
2 9  
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Our Final Report will contain the results and discussion concerning 
the more than 160 measurements performed with the emissomoter on a variety 

of specimens. 

Calorimeter No. 1 
Test II- 10 
In the first week of October, a purge bag was placed around the 

composite insulation system (System No. 5) and heat flux measurements were 

made with the calorimeter in a ground environment. 

The purge bag was fabricated from a Mylar f ilm-aluminum foil 

laminate. !le estimate that the average distance between the bag and the 

foam substrate was 0.3 inches. The space between the foam 2nd bag 

contained the five-shield multilayer system consisting of aluminizec*-Mylar 

and 8 mesh screen spacers. 
2 A heat flux of 9 2 . 2  Btu/hr ft was obtained with this system in 

Test 11-10 as noted in Table 11. The foam thermal conductivity could not 

be determined for the test as the surface thermocouples on the foam were 

inadvertently disconnected from the recorder at the time of test. 

However, by comparison with Test 11-5(l), performed at Plum Brook Station, 

the heat leaks for the two are comparable. The differences between the 
2 two, i.e., 9 2 . 2  vs. 97 Btu/hr ft can be explained in terms of the 

differential temperatures across the insulation and the fact that the 11-10 

test results are on a system with a helium layer formed with the purge bag. 

The principal temperature drop of the system occurs in the foam substrate. 

For example, with an ambient temperature of 72 F, we measured typical 
bag temperatures of about 22%. 

substrate was not measured because the measuring points were inadvertently 

disconnected from the recorder. However, some temperatures measured on 

shield No. 3,  which is displaced a small distance from the foam indicate 

temperatures of about 0 F. We estimate the foam temperature drop at about 

-32OOF.  

be .0120 Btu ft/hr ft2 OF. 

Test II-9B 

In Test II-gB, we simulated vehicle configuration in which the 

0 

The surface temperature of the foam 

0 

On this basis, the estimated thermal conductivity is computed to 

propellant tank is shrouded with the vehicle air frame and the space 

between the two is purged with gaseous helium. 

for simulating the shroud once the calorimeter was installed in the chamber. 

'de obtained an experimental heat flux of 85.6 Btu/hr ft2 as noted in Table 11. 

The vacuum chamber baffle was used 

ARTHUR D. LITTLE, INC. 2 
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I n  t h i s  t e s t ,  t he  b a f f l e s  i n  t h e  chamber were maintained a t  

66OF through the  use of c i r c u l a t e d  water. 

on s h i e l d  No. 5 ind ica t ed  an average temperature of - 3 O F .  

s u r f a c e  temperature w a s  i nd ica t ed  t o  be about -31 F and of course  t h e  tank  

s u r f a c e  temperature was -320OF. 

foam w a s  t y p i c a l l y  about 289OF which --est I ts  i n  a n  experimental  thermal 

conduc t iv i ty  of 0.0123 Btu/hr  f t  . 

The only remaining thermocouple 

The foam 
0 

Thus, t h e  temperature  drop ac ross  the  

2 

T e s t  I I - 6 D  

Test II-6D is  s i m i l a r  t o  tes t  11-9B and vas performed ear l ier  i n  

5-3 f a c i l i t y  a t  t h e  Plum Brook S ta t ion .  There i s  a s i n g l e  no t i ceab le  

d i f f e r e n c e  between these  t e s t s  i n  t h a t  t h e  3 - 3  chmber  b a f f l e s  were no t  

temperature  con t ro l l ed .  The chamber wal l  served as t h e  h e a t  source.  

Under these  condi t ions ,  w e  obtained a hea t  f l u x  of 59.1 Etu /hr  f t  . 2 

In t h i s  test ,  a l l  t h e  foam sur face  and ou te r  s h i e l d  temperatures  

were a v a i l a b l e .  The d a t a  show t h a t  both of t hese  su r faces  are warmer a t  

the  top of t h e  tank and g e t  p rog res s ive ly  coo le r  i n  t h e  d i r e c t i o n  of t h e  

tank  bottom. 

p rogres s  of t h e  test  can be seen i n  Figure 2. 'PJe a s c r i b e  t h i s  t i m e  

dependent on t h e  f a c t  t h a t  t h e  cool ing w a t e r  was not  used i n  t h e  

chamber b a f f l e s  and Vjaclcet and the  e n t i r e  system inc luding  t h e  chamber 

~ J L S  cool ing  wi th  time. Prom t h e  computed hea t  f l u x e s  and average foam 

s u r f a c e  temperature,  t he  computed thermal conduc t iv i ty  i s  .0110 Btu/hr f t  . 

These g r a d i e n t s  and how they  vary  wi th  time during t h e  

2 
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Tes t  N o .  

20 2 

E m i s  some ter 

I , 

20 3 

20 7 

20 8 

2 10 

2 1 1  

212 

2 24 

2 26 

2 14 

215 

2 20 

2 2 1  

222 

223 

TABLE I 

Summary - Emissometer Data 

Coating 
Sample D e s c r i p t i -  Thickness (OA) 

Gold-vapor deposi ted on 1 m i l  
Mylar 

Same a s  202 

Same as 202 

Same as  202 

Gold-vapor deposi ted on 
aluminum t h a t  i s  vapor 
deposi ted on m i l  Mylar 

Same as 210 

Same as 202 

Same as 202 

Same a s  202 

Gold-vapor deposi ted on 
.15 m i l  Mylar 

Same as 214 

Same a s  214 

Same as 214 

Si lver -vapor  deposited on 
Mylar, p ro tec ted  with t h i n  
s i l i c o n e  oxide coa t ing  

Same 222 

1.5 

29.3 
,:.. 1 

2.9 

500 ( 3, 

4 d 3 )  

29.7 

135 

52 

78 

147 

2 24 

2350 

28 10 

2000 

( 

(2)Receiver  Disc No. 3 coated w i t h  platinum 
b lack  on 2 m i l  gold was used t o  obtAin 
measurements. 

S a'np 1 e em i s s i v  i t y a t 9 3 OF 

' 3)A luminum coat  ing t h i c  kne s s i s  app r ox i m a  t e l  y 
3OOOA 

Coating (1) ( 2 )  

-. Emissivi ty  

0.247 

0.0769 

0.857 

0.356 

0.0254 

0.0235 

0.0722 

0.0443 

0.0633 

0.0485 

0.0287 

0.0302 

0.020 

0.0227 

0.01.75 

ARTHUR D. LITTLE, INC. 



k 
a, 
U 

$ 
.I4 
k 
0 
d 

u .I4 c 

E d  
0 -I4 M 

.. 

3 
v) c 

Q) 

z g 

.. 
v) 

a m 
c3 
$4 
0 
v) 

-I4 
U 
a 
k 
U 

rj 
aJ 
k 

a) 

u 
C 
Q) 

0 
k 

-7-4 

3 
C 
W 

73 c 
3 
0 
$4 
M 
4 
a 
k 
3 
U 
m c 
C 

.I4 

a 
aJ 
V a 
rl 
a 
v) 

.I4 

E 

bD 
0 
$4 
U 
.r( 
d 
'0 
d 
3 
d 

*I4 
rl 

5 
*r( 

3 
73 
9) 
I4 
I4 
.r( 

w 
k 
0) u 
01 
E 

.A 
u 
0 
I4 

a 
U 

.. 
m 

-I4 
U 
-4 
a 

0 

h 
& 
m 
Q 
C 
3 
0 
m 

a 

E -  
k h n  

13- 

53 

t- 4 
' C  
a J 3  
3 0  
4 m  

N 
h 

hl 

N 
m 

0 
b 
\D 
m 

I 
I 

I 
1 

Lo 
d 

a3 

0 
0 
N 
hi 
\ 
h 

2 

0 
N 

2 

2 
\ 
h 
\ 

N z 
c-l 

U 
ni 

5 

5 

v-4 
4 
a, c 

*I4 
3 
73 
0) 
M 
$4 
3 a 
k aJ n 
E 
(d c u 

C 
.I4 

M 
(D 
D 
U 
5 
0 c 
U 
.rl 
3 

q n n  
r- i  Y m 
W W 4 .. 

v) 

ARTHUR D. EITTLE, INC. 



. 

0 

./loo 

. J  

0 



0 

Y 
0 
P 
Y w 
4 
u 

C 


